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TITLE: METHODS FOR PREPAMNGMEDICAL EWIPLANTS FROM CALCIUM PHOSPHATE 

CEMENT AND MEDICAL IMPLANTS 



Field of the Invention 

5 The present inventian is related to a medical implant made from calcium phosphate cement, and in 

particular to a method of preparing a molded and hardened calcium phosphate cement article having a superior 
con^ressive strength for use as medical implant The molded and hardened calcium phosphate cement block may 
be in the forms of a dense block, a porous block for use as tissue-engineered scaffold, or a dual function block 
comprising a dense cortical portion bearing the majority of load and a porous cancellous portion allowing a rapid 

10 blood/body fluid penetration and tissue ingrowth. 

Bad^round of the Invention 

It is advantageous if a prosthetic bone in^lant is bioresorbable and is supportive at the same time. 
Accordingly, an article made of calcium phosphate will be preferable than that made of a metal, if the former has 

15 strength which is comparable to a human cortical bone. One way of making such a bone implant is by sintering a 
calcmm phosphate powder, particularly a hydroxyapatite (EA) powder, into a block material at a temperature 
generally greater than 1000**C. Despite the fact that the high temperature-sintered HA block material has an 
enhanced strength, the bioresoibability of the material is laigely sacrificed, if not totally destroyed, due to the 
elimination of the micro- and nano-sized porosity during the sintering process. 

20 The conventional spinal fusing device is composed of a metallic cage and a bioresorbable material 

disposed in the metal cage, for example the one disclosed in US patent No. 5,645,598. An inevitable disadvantage 
of this fusion device is the smktng of the metallic cage sitting between two vertebrae to replace or repair a defect 
spinal disk, because the harxkiess and tibe relatively small size of the cage wear out or break the bone tissue, and in 
particular the endplate of the vertebra. 

25 A tissue-engineered scaffold (majority made from biodegradable polymers) has a very porous structure 

that allows Irving cells (usually taken from the patient being treated) to penetrate into the structure and be "seeded" 
in-vitro during a cell culture process, Aflser a period of time (days or wedcs) of cell culture, the cell-seeded 
scaffold is imgplanted into either an animal (6.g., rat) v/bosc immune system has been removed, or into the patient 
himself (usually under the skin for easier later-on process). During tbis period of time (weeks to months) the cells 

30 quickly multq>ly from absorbizig nutrients from the animal or the patienf s body, and, at the same time, the scaffold 
itself is gradually dissolved or resorbed. When tiiis process is substantially "mature", the implant (now a real bone) 
is removed fix)m under the skin of the animal or die patient and re-implanted into the (wounded or diseased) site 
being treated The following are some references describing some details about the backgroimd, requirements, 
appUcations, etc. of tissue-engineered scaffold: US 6,139,578; US 6,200,606; US 5,306^03; and US 6,132,463. 

35 It is advantageous if a tissue-engineered scaffold is bioresorbable, sufficientiy porous and supportive at the 

same time. The conventional high temperature (usually >1000'C)-sintered porous hydroxyapatite (HA) block 
material does not possess sufficient micro/nano*sized porosity and is hardly bioresorbable. On the other hand, the 
conventional biodegradable polymer for scaffold application exhibits a rekitively low strength and too high a 
dissolution rate. 
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Snnunary of the Invention 

An objective of the invention is to provide a molded and hardened calcium phosphate cement (CPQ article 
or block having a anperior conq>re8sive strength for use as medical implant, which is free finom the aforesaid 
drawbacks in the prior art 

5 Another objective of the invention is to provide a porous hardened CPC article or block for use as a 

tissue-engineered scaffold, ^ch is free from the aforesaid drawbacks in the prior art, or as a fimctional implant 
other than the tissue-engineered scaffold. 

Another objective of the invention is to provide a dual function hardened calcium phosphate cement (CPC) 
article or block for use as a prosthetic bone implant comprising a dense cortical portion and a porous cancellous 
* 10 portion, \i(^ch is free firom the aforesaid drawbacks m the prior art 

The prosthetic bone implant constructed according to the present invention is made of a hardened calcium 
phosphate cement having an q)atitic phase as a major phase, which comprises a dense cortical portion bearing the 
majority of load and a porous cancellous portion allowing a r^d blood/body fluid penetration and tissue ingrowth. 
The prosthetic bone inplant of the present invention is made by a novel technique, vMch. involves 
15 immersing an article molded from two different pastes of calcium phosphate cement (CPC), one of them having an 
additional pore-forming powder, in a liquid for a period of time, so that the compressive strength of the molded 
CPC article is significantly improved after removing from the liquid while the pore-forming powder is dissolved in 
the hquid, creating pores in a desired zone or zones of the molded article. 
Features and advantages of the present invention are as follows: 
20 1 . Easy process for different shape and size of the prosthi^ bone implant of the present mvention, so that 

the outer circumferential dense portion ibsxoof can sit over die circumferential cortical portion of a bone and die 
porous portion thereof can contact die cancellous portion of the bone adjacent to abone recerving treatment 

2. The dense cortical portion of the prosthetic bone implant made according to the present invention 
exhibits a high strength conq>anible to that of human cortical bone (about 1 10-170 MPa). The strength is 

25 adjustable by adjusting process parameters. 

3. The dense cortical portion of the prosthetic bone implant made according to the present invention 
contains significant amount of micro- and nano-sized porosity, that improves bioresorbability thereof 
Conventional high temperature-sintered HAblock, on the other hand, does not possess sufficient micro/nano-sized 
porosity and is not bioresorbable. 

30 4. The porous cancellous portion of the prosdietic bone inqilant made according to the present invention 

possesses a porosity greater than 40% in volume, prq>ferably 40*90%, allowing rapid blood/body fluid penetration 
and tissue ingrowth, thereby anchoring die prosthetic bone implant 

5. A wide range of medical application includes bone dowel, spacer, cavity filler, artificial disc and fixation 
devices for spine and other locations, to name a few. 

35 In anodier aspect of the present invention, a novel method for making a hardened CPC article for use as 

medical in^lant is provided, which involves impregnating an article molded from a paste of CPC in a liquid for a 
period of time, so that the compressive strengdi of the CPC block is significantly improved after removing from the 
liquid It is apparent that the medical inqilant prepared according to this novel method has the features and 
advantages recited in the above-mentioned Items 3 and 5. 

40 In a further aspect of the present invention, a novel method for making a porous hardened CPC article for 

use as a tissue-engine^:ed scaffold, which involves preparing a sh^ed article fix>m a paste com^irising a calcium 
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phosphate cement, a poie-fonning powder and a setting liquid; and immersing said shaped article in an immersing 
liquid for a period of time so that said pore-forming powder is dissolved in the immersing liquid, creating pores in 
said shaped article. In addition to the above-mentioned Item 4, the porous hardened CPC article made according 
to the present invention has the following features and advantages: 
5 - The porous hardened CPC article can transform mto an apatite-dominated material shortly after 

immersion in physiological solution or after implantation. 

- The porous hardened CPC article exhibits a higher strength than most other bioactive or biodegradable 
porous blocks with a similar porosity leveL 

10 Brief Description of the Drawings 

Figs, la to Id show schematic cross sectional views of four different designs of prosthetic bone inq[)lants 
constructed according to the present invention. 

Figs. 2a to 2f are schematic cross sectional views showing steps of a method for preparing a prosthetic 
bone implant according to one embodiment of the present invention. 
15 Figs. 3a and 3b are schematic vertical and horizontal cross sectional views of a prosthetic bone implant 

pr^ared according to another embodiment of the present inv^tion, respectively. 

Detailed Description of the Invention 

The present invention discloses a metiiod for making a hardened molded calchmi pho^hate cement (CPC) 
20 article conoqprising inqpregnating a rigid diaped article of calcium phosphate witii an mqnegnatuig liquid for a period 
of time so that a conqnessive strength of tiie resulting impregnated article removed fiom the inqnegnating liquid is 
increased compared to timt of the rigid shiqped article witiiout sdd inq^ 

Preferably, the impregnating liquid is an acidic solution, a basic solution, a physiological solution, an 
organic solvent, or a substantially pure water. Preferably, the impregnating liquid con:q)rises at least one of Ca and 
25 P sources. Preferably, the unpregnating liquid is a Hanks' solution, a HCl aqueous solution or an aqueous sohition 

0f(NH4)2HP04. 

Preferably, the rigid shaped article of calcium phosphate is a molded article ftom a paste of calchim 
phosphate cement 

Preferably, the inq)regnating is carried out for a period longer than 1 0 mmutes, and more preferably for 
30 about 12 hours to 96 hours. 

Preferably, the inqiregnating is carried oat SO-PO^'C, and more preferably at room tenq)eratur6. 
According to a first preferred embodiment of the present invention, a method for making a molded calcium 
phosphate article comprises the following steps: 

(a) prqiaring a powder of a calcium phosphate cement; 
35 (b) tniTiTig said powder with a setting Hquid to form a paste, wherein said paste undergoes a hardenmg 

reaction; 

(c) molding said paste into an article m a mold of a desired shape and size before said hardening reaction is 
complete; 

(d) iinpregnating the resulting hardened article fiiom step (c) witii an impregnating liquid to allow strength 
40 of said article to increase; and 

(e) removing said article ftom said impregnating liquid. 

3 
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Pieferably, said calcium phosphate cement con^nises at least one Ca source and at least one P source, or 
more preferably at least one calcium phosphate source. Said calcium phosphate source comprises one or more 
calcium phosphates selected &om &e group consisting of a^ha-tricalcium pho^hate (a-TCP), beta-tricalcium 
pho^hate (p-TCP), tetracalcium phosphate (TTCP), monocalcium phosphate monohydrate (MCPM), monocalcium 
5 phosphate anhydrous (MCPA), dicalcium phosphate dihydrate (DCPD), dicalcium phosphate anhydrous (DCPA), 
octacalcium phosphate (OCP), calcium dihydrogen phosphate, calcium dihydrogen pho^hate hydrate, acid calcium 
pyrophosphate, anhydrous calcium hydrogen phosphate, calcium hydrogen pho^hate hydmte, calcium 
pyrophosphate, calcium triphosphate, calcium phosphate tribasic, calcium polyphosphate, calcium metaphosphate, 
anhydrous tricalcium phosphate, tricalcium phosphate hydrate, and amorphous calcium phoq)hate. 
10 Preferably, the calcium phosphate source conpises at least one calcium phosphate particle having calcium 

phosphate whiskers on the sur&ce of said calcmm phosphate particle, herein said calcium phosphate whiskers 
have a length of about 1-5000 nm and a width of about 1-500 nm. 

Preferably, the setting Hquid in step (b) is an acidic solution, a basic solution, or a substantially pure water. 
An acidic solution suitable for use in the present invention is selected from the group consisting of nitric 
15 add (HNO3), hydrochloric acid (HCl), phosphoric acid (H3PO4), carbonic acid (H2CO3), sodmm dihydrogen 

phosphate (NaH2P04), sodium dihydrogen pho^hate monohydrate (NaH2P04*H20), sodium dihydrogen phosphate 
dihydrate, sodium dihydrogen phosphate dehydrate, potassium dihydrogen phosphate (BCH2PO4), ammonium 
dihydrogen.phosphat6 (NH4H2PO4), malic acid, acetic acid, lactic acid, citric acid, malonic acid, succinic acid, 
glutaric acid, tartaric acid, oxalic acid and their mixturo. 
20 Abasic solution suitable for use in die present invention is selected fiom the group consisting of ammonia, 

hydroxide, alkali metal hydroxide, alkali eardi hydroxide, disodium hydrogen pho^hate (N^HP04)» 
disodium hydrogen phosphate dodecahydrate, disodium hydrogen phosphate heptahydrate, sodium phosphate 
dodecahydrate (Na3P04»12H20), dipotassium hydrogen phosphate (K2HPO4), potassium hydrogen phosphate 
Irihydrate (K2HPO4OH2O), potassium phosphate tribasic (K3PO4), diammonium hydrogen phosphate 
25 ((NH4)2HP04), ammonium phosphate trihydrate ((NH4)3P04»3H20), sodmm hydrogen caibonale (NaHCOs), 
sodium carbonate Na2C03, and their mixture. 

Step (c) of the method of the present invention preferably further comprises removing said article fix>m 
said mold. 

Step (c) of the method of the present invention preferably furdier comprises removing a portion of liquid 
30 firom said paste, so that a liquid^powder ratio ofsaid paste decreases. 

Step (c) of the method of the present invention preferably further conq>rises pressurizing said paste in said 
mold, preferably between 1 and 500 MPa, before said hardening reaction is conq)lete to remove a portion of Hquid 
from said paste, so that a liquid/powder ratio of said paste decreases. More preferably, step (c) further con^rises 
heating said paste during said pressurizing. 
35 Step (c) of the method of the present invention preferably further comprises heating said paste during 

molding. 

Step (cO of die method of the present invention preferably further comprises heating the impregnating 
liquid, preferably at a tenperature betwe^ 30 and 90"^ during said impregnating. 

The mediod of tibe present inv^on may fiirther comprise drying said article after removing said article 
40 from said impregnating liquid. 
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The mefhod of fhe present invendcm may furtiher conqprise heating said article, piefi^fably at a ten^>eiatuie 
between 50 and 500^, after removing said article from said inq>regnating liquid. 

The molded calcium phosphate article made according to the metiiod of the present invention may be used 
as a medical implant or a reinforcing constituent of a composite. 
5 According to a second preferred embodiment of the present invention, a method for making a porous 

hardened CPC article is provided. The second preferred embodiment is similar to the first embodiment with a 
major difference in that a poie-forming powder is mixed with the powder of calcium phosphate cement used in step 
(a). The method for maVing a porous hardened CPC article according to the second prefened embodiment 
compnses: 

10 i) preparing a shaped article from a paste conq>rising a calcium phosphate cement, a pore-forming powder 

and a setting liquid; 

ii) iTTiTwftr Ring said shaped article in an immersing liquid for a first period of time so tiiat said pore-forming 
powder is dissolved in tiie immersing liquid, creating pores in said shaped article; 

iii) removing the resulting porous shaped article from said immersing liquid; and 

15 iv) immersing the porous shaped article from step iii) in an impregnating liquid for a second period of time 

so that a compressive strength of the resulting article removed from die in^jregnating liquid is increased compared 

to tiiat of said porous shaped article without said impregnating treatment, 

whexein step iii) is omitted and a conqiressive strength of the resulting poious shaped article removed from 

tiie immersing liquid after the first and die second periods of time is increased con^ared to that of the resulting 
20 poious shs^ed article removed afrer die first pmod of time, wbsa the immersii^ liquid and the inprognating liquid 

are the same. 

Said pore-forming powder preferably is selected from die group consisting of liCl, KCl, NaCl, MgCla, 
CaCl2, NalOs, KI, Na3P04, K3PO4, NaaCQa, amino acid-sodium salt, amino acid-potassium salt, glucose, 
polysaccharide, fatty acid-sodiinn salt, fatty acid-potassium salt, potassium bitartrate (KHC4H4O6), potassium 
25 carbonate, potassium gluconate (KCeHnO?), potassium-sodium tartrate (KNaC4H406«4H20), potassium sulfate 
(K2SO4), sodium sulfrite, and sodium lactate. 

Preferably, said immersing liquid in step ii) and said inq>regnating liquid in step iv) independently are an 
acidic aqueous solution, a basic aqueous solution, a physiological solution, an organic solvent, or a substantially 
pure water. Said immersing liquid may con^trises at least one of Ca and P sources* Said immersing liquid may 
30 be a Hanks' solution, a HCl aqueous solution or an aqueous solution of CNH4)2HP04. 

Said in:|>regnating liquid in step iv) maybe different from or the same as the immersing liquid in step i). 

Preferably, the first period of time in step ii) is longer tiian 1 0 minutes, and more preferably longer than 1 

day. 

Preferably, the second period of time in step iv) is longer than 10 minutes, and more preferably longer than 

35 1 day. 

Preferably, the immersing in step ii) and iv) is carried out at room temperature or at a temperature between 
about 30 and 90«C. 

Preferably, said paste in step 0 furth^ comprises living cells. 
Preferably, said immersing liquid in step ii) conq)rises living cells. 
40 Preferably, said in^regnating liquid in step iv) conq)rises living cells. 
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Preferably, said porous shaped article having an increased compressive strength removed fixm said 
iiiq)regnating liquid in step iv) has a porosis of at least 20 vol%, and more preferably of 40-90 vol%. 

Hie porous hardened CPC article made according to iht mediod of the present invention may be used as a 
tissue-engineered scaffold, medical inq>lant or a reinforcing constituent of a composite. 
5 According to a third preferred embodiment of the present invention, a metbod for making a dual function 

hardened CPC article for use as a prosthetic bone implant is provided The tiiird preferred embodiment basically 
is a combination of the first embodiment and the second embodiment, \*^erein a first CPC paste without the 
poie-forming powder and a second CPC paste containing the pore-forming powder are used to mold an integral 
article and immersing the integral article in the impregnating liquid, so that the pore-forming powder is dissolved in 
10 the immersing liquid, creating pores in flie integral article while die hardened CPC gaining compressive stiengtlL 
Features of the flmd preferred embodiments of tiie present invention includes (but not limited to) the following: 

1. Aprosthetic bone in^lant conqnising a cortical portion having two opposite sides, and a cancellous portion 
integrally disposed in said cortical portion and being exposed through said two opposite sides, wherein said 
cortical portion comprises a hardened calcium phosphate cement has a porosity of less than 40% in volume, 

15 and said cancellous portion comprises a porous hardened calcium phosphate cement having a porosity greater 

than 20% in volume, and greater than that of said cortical portion. 

2. The prosthetic bone implant according to Feature 1, wherein the cortical portion is in the form of a hollow disk, 
and the cancellous portion is in the form of a cohmm surrounded by the boUow disk. 

3 . The prosdietic bone inq>lant according to Feature 2 forther con^xrising a transitional portion between said 
20 column and said hollow disk surroundiog said central cylinder, which has properties range from those of said 

cancellous portion to said cortical portion. 

4. Tbe pros&etic bone implant according to Feature 1 , wherem the cortical portion is in the form of a disk having 
one or more longitudinal thiougih holes, and the cancellous portion is in the form of one or more columns 
sunounded by said one or more longitudinal through holes. 

25 5. The prosthetic bone implant according to Feature 1, wherein said hardened calcium phosphate cement of said 

cortical portion comprises an apatitic phase as a major phase giving rise to broadened characteristic X-ray 

diffraction peaks in conq)arison with a high-te^^)erature sintered apatitic phase. 
6. The prostiietic bone inqxlant according to Feature 5, wherein said broadened characteristic the X-ray diffraction 

peaks are at 2-Theta values of 25-27** and 30-35^ 
30 7. The prosthetic bone inqxiantacconiing to Feature l,wberein said hardened calcic 

cortical portion is prepared without a high tsmperatm sintering. 

8. The prosthetic bone implant according to Feature 1, wherein said hardened calcium phosphate cement of said 
cortical portion comprises an apatitic phase as a major phase having a Ca/P molar ratio of 1.5-2.0. 

9. Tte prosthetic bone implant according to Feature 1, herein said hardened calcium phosphate cement of said 
35 cancellous portion comprises an apatitic phase as a major phase giving rise to broadened characteristic X-ray 

diffraction peaks in comparison with a high-temperature sintered apatitic phase. 

10. The prosthetic bone in^lant according to Feature 9, wherein said broadened di^^ 
peaks are at 2-Theta values of 25-27*» and 30-35° 

11. The prosthetic bone implant according to Feature 1, wherein said hardraed calcium phosphate cemrat of said 
40 cancellous portion is prepared without a high temperature sintering. 

12. The prostiietic bone implant according to Feature 1, wherein said hardened calcium phosphate cement of said 
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cancdloiis pordon coxxpcises an apatitic phase as a major phase having a Ca/P molar ratio of 1 .5-2.0. 

13. The prosthetic bone implant according to Feature 1, vdierein said cortical portion comprises 10-90% in volume 
ofsaid]nq)lant 

14. The prosthetic bone inq>lant according to Feature 1, wherein said cortical portion has a porosity of less than 
30% in volume. 

15. The prosthetic bone implant according to Feature 1, wherein said cancellous portion has a porosity greater than 
40-90% in volume. 

1 6. A method for preparing a prosthetic bone implant comprising a cortical portion having two opposite sides, and 
a cancellous portion integrally disposed in said cortical portion and being eoqposed through said two opposite 
sides, said method conqirises the following steps: 

a) preparing a first paste conqmsing a first calcium phosphate cement and a first settmg liquid; 

b) preparing a second paste comprising a second calcium pho^hate cement, a pore-fomung powder and a 
second setting liquid 

c) 0 preparing a shaped article in a mold having two or more cells separated by one more partition walls 
comprising introducing said first paste and said second paste into said two or more cells separately, and 
removing said one or more partition walls firom said mold, so that said second paste in the form of a 
single column or two or more isolated colunms is integrally disposed in the first paste in said mold; or ii) 
preparing a diaped article comprising iritroducing oiie of said first paste and sa^ 

mold to form an iiKtennediate in said first mold, pladiig said intecoi^^ 

hardening reaction thereof undergoes at least partial^, and introducing anotho: one of said first paste ad 
said second paste into said second mold, so that said second paste as a smgle column or as two or more 
isolated columns is integrally disposed in die first paste in said second mold; 

d) immersing the resulting shaped article fiom step c) in an immersing liquid for a first period of time so 

' that said pore-forming powder is dissolved in the immersing liquid, creating pores in said smgle colunm 
or said two or more isolated columns; and 

e) removing the immersed shaped article from said immersing liquid. 

17. The method according to Feature 16 fiirfher comprising 

f) drying the inuoaersed shaped article. 

1 8 . The method according to Feature 1 6, \(dierein said pore-forming powder is tiie same as fliat used m the second 
pre&xred embodiment of tiie present kiventioiL 

19. The method accordmg to Feature 16, ix^ierein said first calcium pho^hate cement comprises at least one Ca 
source and at least one P source, or at least one calcium phosphate source; and said second calcium phosphate 
cement comprises at least one Ca source and at least one P source, or at least one calcium phosphate source. 

20. The method according to Feature 19, wherein said first calcium phosphate cement comprises at least one 
calcium phosphate source, and said second calcium phosphate cement comprises at least one calcium 
phosphate source. 

2 1 . The mettiod according to Feature 20, wherem said calcium phosphate source is the same as fliat used in the first 
preferred embodiment of the present mventiorL 

22. The method accordmig to Feature 21, wherein said first calcium phosphate cement and said second calcium 
phosphate cement are identical. 

23. The xnethod according to Feature 22, wherein said first caldum phosphate cement and said sec^ 
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phosphate cement are tetcacalchim phosphate. 

24. The method accoiding to Feature 16, ^fdbteceinfliefiist setting Uquid and tibe second sett^ 
are an acidic solution, a basic solution, or a substantially pure water. 

25. The method according to Feature 24, i^dbetein said acidic solution is the same as that used in die first preferred 
5 embodiment of the present inventioa 

26. The method according to Feature 22, wherein said basic solution is the same as that used in the first preferred 
embodiment of the present invention. 

27. The method according to Feature 16, wherem step c-i) fiirtfaer conqirises allowing said first paste and said 
second paste undexgoing a hardening reaction in said mold. 

10 28. The method acconling to Feature 16, ^^lerem step c-i)fiirdia:conqir^ 

second paste in said mold aft^ removing said one or more partition walls fiom said mold to remove a portion 
of liquid fix>m said first paste and said second paste, so tiiat a liquid/powd^ ratio of said first paste and of said 
second paste decreases; and allowing said first paste and second paste undeigoing a hardening reaction in said 
mold. 

15 29. The method according to Feature 16, 'herein step c-ii) fiulher comprises allowing said intermediate 

undergoing a hardening reaction in said first mold, and allowing said another one of said first paste and said 
second paste undergoing a hardening reaction in said second mold. 

30. The method according to Feature 16, wherein step c-ii) fiirtfaer comprises pressurizing said one of said first 
paste and said second paste in said first mold to remove a portion of Uquid therefixnn before the hardening 

20 reaction of said intermediate is CQnq)letBd; allowing said intermediate undoigoing a hardening reaction in said 
first mold; pressuring said anotiier one of said first paste and said second paste in said second mold, so that a 
liquid^wder ratio of said another one of said first paste and of said second paste decreases; and allowing said 
anotiier one of said first paste and second paste undergoing a hardening reaction in said second mold. 

31. The method according to Feature 28, wherein said pressuring is about 1 to 500 MPa. 
25 32. The method according to Feature 30, wherein said pressuring is about 1 to 500 MPa. 

33. The method according to Feature 16, wherein the immersing Uquid is an acidic aqueous solution, a basic 
aqueous solution, a physiological solution, an organic solvent, or a substantially pure water. 

34. The method accoiding to Featnr 33, idierein the immersing liquid comprises at least one of Ca and F sources. 

35. The method accoiding to Feature 33, vrfierein the immersing liquid is a Hanks* solution, a HCl aqueous 
30 solution or an aqueous solution of (NH4)2HP04. 

3 6 . The method accoiding to Feature 16, ^irii^pem the immersing in step is carried out for a period longer than 1 0 
minutes. 

37. Ihe method according to Feature 16, wherein the immersing in step d) is canied out for a period longer than 1 
day. 

35 38. The method according to Feature 16, wherein the immersing in step d) is carried out at a temperature of about 
10and90oC. 

39. The metiiod according to Feature 38, wherein the immersing in step d) is earned out at room teniperature. 

40. The method accordiiig Feature 17 fiirtho: comprising cleaning smd in 

and heating flie resulting dried shaped article at a temperature between 50 and 500*XII. 
40 Four different designs of prosthetic bone implants constructed according to the present invention are 

shown in Figs, la to Id. In Fig. la, the prosthetic bone implant of the present invention has a dense cortical 

8 



wo 2005/079880 PCTAJS2005/006100 
portionDl in llie tabular fom and a porous canceUomportim fonned in the central tlm)ugh Me of the tiibulw 
cortical portion Dl. Both the dense cortical portionDl and die porous cancellous portion Fl aremadeofa 
hardened calcium phosphate cement having an ^titlc phase as a InFig. lb, the prosthetic bone 

implant of the present invention has a dense cortical portion Dl in the tubular form; a cylindrical porous cancellous 

5 portion P 1 in the center of the tubular cortical portion D 1 ; and an annular transitional portion P2 connecting tbe 
tubular cortical portionDl and the cylindrical cancellous portion PL The transitional portion P2 is made of a 
hardened calcium phosphate cement having an apatitic phase as a major phase, and a porosity gradient increasing 
fiom the lower porosity of the cylindrical cancellous portion PI to the higher porosity of the tubular cortical portion 
Dl, ivfaich may be formed in-situ during molding of two different two different CPC pastes, one of them having an 

10 additional pore-forming powder for forming the cylindrical cancellous portion PI, and another one being a regular 
CPC powder for fbnning tiie dense cortical portion D 1 . The porous cancellous portion P 1 may be in the forms of 
isolated colunms surrounded by the dense cortical portionDl as shown in Figs. Icandld. Other designs are also 
possible in addition to those shown in Figs, la to Id. 

A suitable method for preparing the prosthetic bone implant of the present invention includes placing a 

15 tubular partition wall 10 in a hollow cylindrical mold 20, as shown in Fig. 2a; pouring a first paste comprising a 
calcium phosphate cement and a setting liquid in the amiular cell and a second paste con^rising the calcium 
phosphate cement, a pore-fonning powder and the setting liquid in the central cell, as shown in Fig. 2b; removing 
the partition wall and pressing the CPC pastes before hardening, as shown in Fig. 2c, wherein a portion of the 
setting liquid is removed from die gap betwe^ the mold 20 and the press 30 axid/or holes (not shown in the drawing) 

20 provided on tibe press 30. Ilie CPC paste wiUundeigo a hardenii^ reaction to convert into apatitic phase. The 
hardened di^ is removed from die mold and is subj ected to surfiuse fim'shing to expose tibie central portion hardened 
from the second paste, as shown in Fig. 2d, followed by immersing in a bath of an immersing liquid as shown in Fig. 
2e, v/bsTG the pore-forming powder is dissolved in the immersing liquid vMLg the hardened CPC thereof gaining 
compressive strength. The immersing may last from 10 minutes to several days. The conq)osite disk so formed 

25 is washed with water after being removed from the bath, and dried and heated in an oven to obtain the prosthetic 
bone inq)lant as shown in Fig. 2£ The heating is conducted at a temperature between 50 and 500^C for a period of 
several hours to several days, \duch enhance the compressive strength of die cortical portion of the prostiietic bone 
unplant. 

An alternative metiiod fr>r prqiaring the prosthetic bone inq>lant of the present invention from the same 
30 raw materials includes pouring die second paste in a first mold, pressing the second paste to remove aportion of the 
setting liquid from the second paste before the hardening reaction is completed, so that the liquid/powder ratio in 
the second paste decreases, and allowing the hardening reaction undeigo in the mold for a period of time, e.g. 15 
minutes starting from die mixing of the CPC powder, the pore-forming powder and the setting liquid, to obtain a 
cylindrical block having a diameter of 7 mm Then, the cylindrical block is removed from the first mold, and 
35 placed in the center of a second mold having a diameter of 10 mm. The first paste is poured into the annular space 
in the second mold, and a press having a dinoiension corresponding to the axmular sh^e is used to pressure the first 
paste to remove a portion of the setting liquid fix>m the first paste before the hardening reaction is convicted, so that 
the liquid^wder ratio in the first paste decreases. Again, die first paste will undeigo a hardenmg reaction to 
convert into i^atitic phase. The hardened cylinder having a diameter of 10 mm is removed fit>m die second mold, 
40 followed by immersing in an immersing liquid, where the pore-fbiming powder contained in the second paste is 
dissolved in the immersmg liqmd while the hardened CPC thereof gaining compressive strength, to obtain the 
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prosthetic bone in^lant of the present invention, as shown in Figs. 3a and 3b. It is apparently to people skilled in 
the art diat the prosthetic bone inq)lant shown in Figs. 3 a and 3b can also be prepared by changmg the sequence of 
the molding of the &st paste and the second paste with xxiodifications to the second nK)ldi^ 
method. 

5 Hie following examples are intended to demonstmte the invention more fidly without acting as a limitation 

i^on its scope, since numerous modifications and variations will be c^arent to those skilled in this art. 

PREPARATIVE EXAMPLE 1 : Pr^aration of TTCP Powder 

A Ca4(P04)20 (TTCP) powder was prepared by mixmg CaiPzCh powder with CaCQj powder unifonnly in 
1 0 edianol for 24 hours followed by heating to dty. The mixing ratio of Ca^^ powder to CaC03 powder was 
1:1.27 (weight ratio) and die powder mixture was heated to 1400^ to allow two powders to react to form TTCP. 

PREPARATIVE EXAMPLE 2: Preparation of conventional TTCP/DCPA-based CPC powder (abbreviated as 
C-CPQ 

15 The resulting TTCP powder from PREPARATIVE EXAMPLE 1 was sieved and blended with dried 

CaHP04 (DCPA) powder in a ball mill for 12 hours. The blending ratio of the TTCP powder to the DCPA powder 
was 1:1 (molar ratio) to obtain die conventional CPC powder. Particles of this C-CPC powder have no ^iiisker on 
the sm&ces thereof 

20 PREPARATIVB EXAMPLE 3: Prepaiation of non-dispersive TTCP/DCPA-based CPC powder (abbreviated as 
ND-CPQ 

The TTCP powder prepared according to the mediod of PREPARATIVE EXAMPLE 1 was sieved and 
blended with dried CaHP04 (DCPA) powder in a ball mill for 1 2 hours. The blending ratio of the TTCP powder to 
the DCPA powder was 1:1 (molar ratio). The resultant powder mixture was added to a 25 mM diluted solution of . 
25 phosphate to obtain a powder/solution mixture having a concentration of 3 g powder mixture per 1 ml solution 
vMIg stirring. The resulting powder/solution mixture was formed into pellets, and the pellets were heated in an 
oven at 50^C for 1 0 minutes. The pellets were then uniformly ground in a mechanical mill for 20 minutes to 
obtain the non-dispersive TTCP/DCPA-based CPC powder (ND-CPQ. The particles of this ND-CPC powder 
have i;dii8ker on the surfoces thereof 

30 

Dense blocks 

EXAMPLE 1 : EfiFect of immersion time on compressive strength of CPC block 

To a setting solution of IM phosphoric acid solution (pH = 5.89) the ND-CPC powder from 
PREPARATIVE EXAMPLE 3 was added in a liquid/powder ratio (L/P ratio) of 0.4, i.e. 4 ml liquid/10 g powder, 

35 while stirring. The resulting paste was filled into a cylindrical steel mold having a length of 1 2 mm and a diameter 
of 6 trnn^ and was con^iressed with a gradually increased pressure until a maximum pressure was reached. The 
tyiflytnnim pressure was maintained for one minute, and then tibe conqn:essed CPC block was removed from die 
mold. At the 15^ minute following the mixing of die liquid and powder, the compressed CPC block was 
imm^csed m a Hanks ' sohttion for 1 day, 4 days, and 1 6 days. Each test group of the diree different periods of 

40 immeision time has five specimens, the compressive strength of which was measured by using a AGS-500D 

TyiiylwTi^'ftfll tester (Shimadzu Co., Ltd., Kyoto, Japan) immediately following the removal thereof fiom the Hanks' 
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solution without drying. The CPC paste in the mold was compressed with a maxiimmi pressure of 1 66.6 MPa, and 
in the course of the compression the compression speeds were about 5 mm/min during 0^104. 1 MPa; 3 mm/min 
during 104.1'^138.8 MPa; 1 mm/min during 138.8'^159.6 MPa: and 0.5 mm/min during 159.6-166.6 MPa. The 
measured wet specimen con^ressive strength is listed Table 1. 



Table 1 



Immersion time (Day) 


Con:^)ressive strength (MPa) 


Standard deviation (MPa) 


No immersion 


373* 


0.6 


1 day 


149.2 


12.9 


4 days 


122.7 


6.7 


16 days 


116.4 


7.7 



*This value was measured before the compressed CPC blocks were immersed in the Hanks* sohition, and it was 
substaxitially the same for Ae compressed CPC blocks not immersed in the Hanks ' solution measured a few days 
after the preparation. 



It can seen fix)m Table 1 that the compressive strengfli of the compressed CPC blocks is increased 
remarkably after one-day inmiersion in comparison with the non-inmiersed block, and declines a little for a longer 
immersion time. 

EXAMPLE 2: Effect of winaksrs on conqmessive strengfli of TTCP/DCPA-based CPC block 

The procedures of EXAMPLE 1 were rq>eated by using the C-CPC powder prepared in PREPARAITVB 
EXAMPLE 2 and the NI><:TC powder prepared in PREPARAT^ Tlie maximum pressure used 

to conqness the CPC paste in the nK}ld in ^s example was 156.2 MPa. The results for one-day immersion time 
are listed in Table 2. 



Table 2 



CPC powder 


Conipressive strength (MPa) 


Standard deviation (MPa) 


C-CPC (no whisker) 


62.3 


5.0 


ND-CPC (with whisker) 


138.0 


Z2 



It can be seen from Table 2 that the conipressive strength, 62.3 MPa, of the immersed compressed CPC 
block prepared from the conventional CPC powder (no whisker) is about 1.7 times of that (373 MPa) of the 
non-inunersed conqxressed CPC block in Table 1, and the compressive strength, 138.0 MPa, of the immersed 
compressed CPC block prepared firom the non-dispersive CPC powder (with v^ker) is about 3.7 times of that of 
the non-immersed conopressed CPC block in Table 1 



EXAMPLE 3: Effect of whiskers on compressive strength of TTCP-based CPC block 

Ca4(P04)20 (TTCP) powder as syntiiesized in PREPARATIVE EXAMPLE 1 was sieved with a #325 mesh. 
The sieved powder has an average particle size of about 10 yan. To the TTCP powder HCl aqueous solution (pH » 
0.8) was added according to the ratio of Ig TTCP/13ml solution. The TTCP powder was inomersed in the HCl 
aqueous solution for 12 hours, fiOltered rapidly and washed with deionized' water, and filtered rapidly with a vacuum 
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pixaxp again. The resulting powder cake vm dried in an oven at 50®C. The driedpowder was divided into halves, 
gfound for 20 minutes and 120 minutes separately, and combined to obtain die nonrdispersive TTCP-based CPC 
powder, tiie particles of which have \^ker on tbe sur&ces dieieof. A setting solution of diammonium hydrogen 
phosphate was prepared by dissolving 20 g of dianmonium hydrogen phosphate, (NH4)2HP04, in 40 ml deionized 
5 water. The procedures in EXAMPLE 1 were used to obtain the wet specimen conopressive strengtti for one-day 
immersion time, wherein the r^^'g^^'"^ pressure to compress die CPC paste in the mold was 1S6.2 MPa. The 
results are shown in Table 3. 



Tables 



CPC powder 


Compressive strength ^IPa) 


Standard deviation (MPa) 


TTCP (no whisker) 


79,6 


8.8 


TTCP (with whisker) 


100 


4.2 



10 The trend same as the TTCP/DCPA-based CPC powder in Table 2 of EXAMPLE 2 can be observed m 

Tables. 

EXAMPLE 4: Effect of molding pressure on compressive strength of ND-CPC block (in low pressure regime: 
0.09-3.5 MPa) 

15 The procedures of EXAMPLE 1 were repeated except that the maximum pressure used to compress the 

CPC paste in the mold was changed from 166.6 MPa to the values listed in Table 4. The period of immersion was 
one day. The results are listed in Table 4. 

Table 4 



Pressure for conqjressmg the CPC 
paste in mold (MPa) 


Contpressive s;trength (MPa) 


Standard deviation (MPa) 


0.09 


12.3 


2.0 


0.35 


16.0 


2.3 


0.7 


20.7 


2.5 


1.4 


26.4 


1.4 


3.5 


35.2 


3.7 



20 The data in Table 4 indicate that the compressive strength of die CPC block increases as the pressure used 

to congress the CPC paste in the mold increases. 

EXAMPLE 5: Effect of reducing liquid/powdo: ratio during compression of the CPC paste in die mold on 
compressive strength of ND-CPC block 
25 The procedures of EXAMPLE 1 were repeated exc^t that the maximum pressure used to compress the 

CPC paste in the mold was changed from 1 66.6 MPa to the values listed in Table 5. The liquid leaked from the 
mold during compression was measured, and the liquid/powder ratio was re-calculated as shown in Table 5. The 
period of immersion was one day. The results are listed in Table 5. 



12 



i; 



wo 2005/079880 



PCTAJS2005/006100 



Tables 



Pressure for coix^[xressiiig the 
CPC paste in mold (MPa) 


UP ratio (after a portion of 
liquid removed) 


Compressive strength 
(MPa) 


Standard deviation 
(MPa) 


1.4 


0.25 


26.4 


lA 


34.7 


0.185 


75,3 


3.9 


69.4 


0.172 


100.4 


6.8 


156.2 


0.161 


138.0 


8J2 


166.6 


0.141 


149.2 


12.9 



The data in Table 5 show Oiat die conqxressive strength of the CPC block increases as the Uquid/powder 
5 ratio decreases durh^ molding. 



EXAMPLE 6: EflFect of post-heat treatment on compressive strength of CPC block 

The procedures of EXAMPLE 1 were repeated The period of immersion was one day. The CPC 
blocks after removing from the Hanks' solution were subjected to post-heat treatments: 1) 50^C for one day; and 2) 
10 400®C for two hours with a heating rate of 10**C per minute. The results are listed in Table 6. 



Table 6 





Conq>ressive strength (MPa) 


Standard deviation (Mpa) 


No post-heat treatment 


149.2 


12.9 


50*^, one day 


219.4 


16.0 


400*>C, two hours 


256.7 


162 



It can be seen fiom Table 6 that die post-heat treatment enhances the con^ressive strength of the CPC 

15 block. 

Porous blocks 

EXAMPLE 7: Effect of KCl content and immersion time on compressive strength of porous CPC block 
lb a setting sohition of IM phosphoric acid solution (pH » 5.89) the KD-CPC powder fiom 
20 PREPARATIVB EXAMPLE 3 was added in a liquid/powder ratio (UP ratio) of 0.4, ie. 4 ml liquid/10 g powder, 
while stiiring. KCl powder in a predet^mined amount was mixed to the resulting mixture by stirring intensively. 
The lesulting paste was fUled into a cylmdrical steel mold having 

was conqnressed with a gradually increased pressure until a maximum pressure of 3.5 MPa was reached The 
ypqyiTTniTTi pressuTe was maintained for one minute, and then the conq)ressed CPC block was removed from the 
25 mold At the 15* minute following the mixing of the liquid and powders, the compressed CPC block was 
immersed in a deionized water at 3T*C for 4 days, 8 days, and 16 days. The conqjressive strength of the 
specimens of the three different periods of immersion time was measured by using a AGS-500D mechanical tester 
(Shimadzu Co., Ltd., Kyoto, Japan) after die specunens were dry. The measured dry specimen compressive 
strength is listed l^le 7. 

30 
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Table? 





Dry cooopnessive strength (MPa) 


" — " — Immersion time (Day) 

KCl/CPC ratio by weight 


4 days 


8 days 


16 days 


1 


7.0 


5.4 


6.6 


1.5 


3.9 


2.7 


43 


2 


13 


23 


2.6 



It can seen from Table 7 that the dry compressive strength of the porous CPC blocks decreases as the 
KCl/CPC ratio by weight increases. 

5 

EXAMPLE 8: Poiosity and compressive streng& of porous CPC blocks prqiared from difTerent por^-forming 
powders 

The procedures of EXAMPI£ 7 were repeated by using sugar, KI, CnHaaCOONa and C13H27COOH 
instead of KCL The immersion time was 14 days in deionized water. In the cases where the CnHsaCOONa and 
10 Ci3H27COOH were used, the CPC blocks were further immersed in ethanol for additional four days. The 
conditions and the results are listed in Table 8. 



Tables 



Pote-fomung powder 


S" 


C.S. ^a)"' 


PQro8ify(vol%)" 


Sugar 


1 


4.1 


S8.4 


KI 


2 


43 


62.2 


KI 


3 


1.7 


75.5 


C17H33COONa 


1 


8.0 


56.0 


C13H27COOH 


2 


5.9 


60.1 



*^ S = Pc«©-forming powder/CTC by volume. 
15 b) C.S. = dry compressive strength (hereinafter abbreviated as C.S.). 



c) Porosify: Porosity (vol%) was measured by Archimedes' method, and calculated as in ASTM C830. 

It can be seen from Table 8 that various powders ^ch are soluble in wat^ can be used in the preparation 
of a porous CPC block according to the method of the present inventioiL 

20 

Dual-Functional block 
EKanq;>le9 

To a settmg solution of IM phosphoric acid solution (pH = 5.89) the M>-CPC powder from 
PREPARATIVE EXAMPLE 3 was added in a liquid/powder ratio (L/P ratio) of 0.4, i.e. 4 ml liquid/10 g powder, 
25 vMe stirring. KCl powder in a ratio of KCl powder/CPC by volume of 2 was mixed to the resulting mixture by 
stirring intensively. Hie resulting paste was filled into a cylindrical steel mold having a length of 12 mm and a 
diameter of 7 tnm, and was compressed with a gradually increased pressure until a maximum pressure of 33 MPa 
was reached. The mayiinntn pressure was maintained for one minute, and then the compressed CPC block was 
removed from the mold at the 1 5^ minute f olloMdng die mixing of the liquid and powders. 
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The resulting cyliDder having a diameter of 7 nun was placed in another cylindrical steel mold having a 
diameter of 10 nmt To a setting solution of IM phosphoric acid sohition (pH « 5.89) the ND-CPC powder from 
PREPARATIVE EXAMPLE 3 was added in a liquid/powder ratio (L/P ratio) of 0.4, Le. 4 ml Hquid/lO g powder, 
\(M6 stirring. The resulting paste was filled into the gpp between said c^inder and said anottier mold, and was 
conq)ressed with a gradually increased pressure until a maTcimum pressure of 50 MPa was reached. The maximum 
pressure was maintained for one minute. At the 15^ minute following the mixing of the liquid and ND-CPC 
powder, the CPC/KCl coff^osite block was immersed in a deionized water at 37**C for 4 days. KCl powder was 
dissolved in the deionized water, and a dual-functional CPC block havmg a porous CPC cylinder surround by a 
dense CPC annular block was obtained. 

The conq)ressive strength of the specimen was measured by using a AGS-500D mechanical tester 
(Shimadzu Co., Ltd., Kyoto, Japan) after die specim^is were dry. The measured dry specimen compressive 
strength is 68.8 MPa. 

The porosities of the porous CPC cylinder and the dense CPC annular block were measured by 
Archunedes* method, and calculated as in ASIM C830, after die dual-functional CPC block was broken 
intentionally, and the results are 74% and 30%, respectively. 

X-ray diffraction pattern of the powder obtained by grinding the dual-functional CPC block shows 
broadened characteristic X-ray diffraction peaks of apatite at 29 = 25-27** and 20 = 20-35° with a scanning range of 
29 of 20-40° and a scanning rate of IVmm. The results indicate that the powder is a mixture of apatite and TTCP 
with apatite as a major portion. 

Although the present invention has been described with reference to specific details of certain 
embodiniraits thereof it is not intended that such details should be regarded as limitations upon the scope of the 
invention except as and to the eactent that tiiey are included in the accon^pai^ing claims. Many modifications and 
variations are possible in light of die above disclosure 
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1 . A prosthetic bone implant compiising: 
a load bearing component and 

a plurality of porous con^nents substantially surrounded by the load bearing component; 
wherein the load bearing component and the porous component comprise a hardened calcium 
phosphate cement, wherein the prosthetic bone implant is at least partially bioresorbable over 
time, and wherein the load bearing component has a greater compressive strength than the 
porous component. 

2. The prosthetic bone implant as claimed in claim 1, wherein the porosity of the porous component is greater 
than the porosity of the load bearing component 

3. TheprosdieticboneinQ)lantasclajnaiedinanyofclainis 1 or 2, ^ndiereintiie porosity of &e porous 
component is fiom about 20 % by volume to about 90 % by volume. 

4. The prosthetic bone implant as claimed in any of clainos 1-3, wherein the porosity of the load bearing 
con^onent is less than about 30% by volume. 

5. The prosthetic bone implant as claimed in any of claims 1-4, wherein the load-bearing component is 
adapted to withstand a con^ressive force of: greater than about 35 MPa; from about 35 MPa to about 250 
MPa, or fiom about 110 MPa to about 170 MPa. 

6. pie prosthetic bone implant as claimed In any of clainis 1-5, wherem the hardened calcium phosphate 
cement of the load bearing conqponent and the hardened calcium phosphate cement of the porous 
CQnq>on6nt is made from at least one calcium phosphate source. 

7. The prosthetic bone inq)lant as claimed in claim 6, wherein the calcium phosphate source comprises 
alpha-tricalcium phosphate (a-TCP), beta- tricalcium phosphate (P-TCP), tetracalcium phosphate (TTCP), 
monocalcium phosphate monohydrate (MCPN), monocalcium phosphate anhydrous (MCPA), dicalcium 
phosphate dihydrate (DCPD), dicalcium phosphate anhydrous (DCPA), octacalcium phosphate (OCP), 
calcium dihydrogen pho^hale, calcium dihydrogen phosphate hydrate, acid calcium pyrophosphate, 
anhydrous calcium hydrogen phosphate, calcium hydrogen phosphate hydrate, calcium pyrophosphate, 
calcmm trq)hosphate, calcium phosphate tribasic, calcium polyphosphate, calcium met^hosphate, 
anhydrous tricalcium pho^hate, tricalcium phosphate hydrate, anunphous calcium phosphate, or mixtures 
thereof 

8. The prosthetic bone implant as claimed in claim 6, wherein at least a portion of the hardened calcium 
phosphate cement of die load bearing component and at least a portion of the hardened calcium phosphate 
cement of the porous component is made from tetracalcium phosphate. 
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9. The prosthetic bone in^Iant as clauned in claim 6, -vtiierebi at least a portion of the hardened calcium 

phosphate cement of the load bearing component and at least a portion of the hardened calcium phosphate 
cement of the porous coi£q>onent is made fiom tetracalcium phosphate and dicalcium phosphate 
anhydrous. 

10- The prosthetic bone iii^)lant as claimed in claim 6, Mdierem at least a portion of the hardened calcium 

phosphate cement of tiie load bearing component and at least a portion of the hardened calcium phosphate 
cement of the porous component is made from tetracalcium phosphate, wherein at least a portion of 
tetracalcium phosphate particles comprises i^idskers on the sur&ce of the tetracalcium phosphate particles. 

1 1 . The prosthetic bone implant as claimed in any of claims 1 - 1 0^ iKiierein at least a portion of the hardened 
calcium phosphate cement of the load bearing con^onent and at least a portion of die hardened calcium 
phosphate cement of the porous conqx>nent is made fiom apatite. 

IS 12. The prosthetic bone implant as claimed in claim 11, wherein the molar ratio of calcium/phosphate of the 
apatite is about 1.5 to about 2.0. 

13. The prosthetic bone in^lant as claimed in any of claims 1-12, further con^rising a transitional component 
coiq)ling one or more porous conq)onents to the load bearing conq)onent, the transitional component 

20 conpnsing a hardened calcium phosphate cement 

\- 

14. The prosthetic bone inq>lant as claimed in claim 13, i^dierein the transitional conq)onent con^irises a 
porosity gradient increasing £rom the porosity of the porous conqxment to the porosity of the load bearing 
conqxxnent 

25 

15. The pros^tic bone in^lant as claimed in any of claims 1-14, wherein the porous components are 
substantially surrounded by the load-bearing component 

16. A method of forming a prosthetic bone inoplant cQn9>risiiig: 

30 adding a porous component paste to a first mold, wherein the porous component paste 

comprises at least one calcium phosphate cement combined with at least one pore forming 

agent and at least one setting agent to form a porous component; 

adding one or more porous components and a load bearing component paste to a second 

mold, wherein the load bearing component paste comprises at least one calcium phosphate 
35 cement combined with least one setting agent, to form a hardened calcium phosphate article, 

the hardened calcium phosphate article comprising a load bearing component at least partially 

surrounding one or more porous components; and 

forming the prosthetic bone implant, wherein the prosthetic bone implant comprises the 

hardened calcium phosphate article. 

40 
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17. The method as claimed in claim 16, further coniprising subjecting the ponms component paste to a 
molding pressure of gteater fbm about 1 MPa or between about 1 MPa to about 500 MPa to foim the 
porous component 

5 18. The method as claimed in claims 16 or 17, further comprising subjecting the load bearing conq)onent paste 
to a molding pressure of greater than about 1 MPa or about IMPa to about SOD MPa to form the hardened 
calcium phosphate article. 

19. A method of forming a prosthetic bone in^>lant conq)risijag: 

10 a porous con^KMient paste to one or more first molds, wherem the porous contponent paste 

conq)rises at least one calcium phosphate cement combined ^th at least one pore formii^ agent and at 
least one setting agent, wherein tiie first molds are disposed in a second mold; 
siAAmg a load bearing conq)onent paste to the second mold; 
removing one or more of the first molds; 
15 forming a hardened calcium phosphate article, the hardened calcium phosphate article 

comprising a load bearing component at least partially surrounding one or more porous 
components; and 

forming the prosthetic bone implant, wherein the prosthetic bone implant comprises the 
immersed hardened calcium phosphate article. 

20 

20. The method as claimed in claim 19, fiirlher oonqirismg subjecting the load bearing conqwnent paste and 
4e porous conQ)onent paste to a molding pressure of greater than about 1 MPa or about IMPa to about 500 
MPa to form the hardened calcium phosphate article. 

25 21. The method as claimed in any of claims 16-20, further comprising immersing the hardened calcium 
phosphate article in one or moi« immersing fluids for a predetennined amount of time. 

22. The method as claimed in claim 21, ^dierein immersion of the hardened calcium phosphate article is 
carried out at a tenperature of from about 10 to about 90 

30 

23. The metiiod as claimed in any of claims 21 or 22, y/hsrcan the prosthetic bone implant is immersed in at 
least one immersing liquid for a time period sufGcient to remove at least a portion of the pore forming 
agent from the porous component 

35 24. The metiiod as claimed in any of clauns 21-23, wherein at least one immersmg liquid comprises at least 
one source of calcium and least one source of phosphate. 

25. The method as claimed m any of claims 21-23, wherein at least one immersmg liquid conq)rise5 Hank's 
solution. 

40 
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The method as claimed in any of claims 2 1 -23 , i»*erein at least one immersing liquid conqMises 
substantially pure water. 



The method as claimed in any of claims 16-26, wherein the pore-forming agent conqmses an inorganic 
salt 

The method as claimed in any of claims 16-26» vidierein the por&-fonning agent comprises an organic salt 

The method as claimed in any of claims 16-28, wherein the porous component paste comprises at least one 
calcium phosphate source, and die load bearing component paste comprises at least one calcium phosphate 
source. 

The method as claimed in claim 29, wherein at least one calcium phosphate source alpha-tricalcium 
phosphate (a-TCP). beta-tricalcium phosphate (p-TCaP), tetracalcium phosphate (TTCP), monocalcium 
phosphate monohydrate (MCPM), monocalcium phosphate anhydrous (MCPA), dicalcium phosphate 
dihydrate ff>CPD), dicalcium phosphate anhydrous (DCP A), octacalcium phosphate (OCP), calcium 
dihydrogen phosphate, calcium dihydrogen phosphate hydrate, acid calcium pyrophosphate, anhydrous 
calcium hydrogen phosphate, calcium hydrogen phosphate hydrate, calchun pyrophosphate, calcium 
triphosphate, calcium phosphate tribasic, calcium polyphosphate, calcium metaphosphate, anhydrous 
tricalcjum phosphate, tricalcium pho^hate hydrate, amorphous calcium phosphate or mixtures thereof. 

The method as claimed m claim 29, ^^lerehi fba calcium phosphate source coniprises tetracalcium 
phosphate, wherem at least a portion of the tetracaldum phosphate particles conq>rise v^kers on the 
sur&ce of the particles. 

The method as claimed in any of claims 16-31, wherein at least one of the setting agents comprises 
substantially pure water. 

The method as claimed in any of claims 16-31, wherenx at least one of the setting agents con^rises an 
acidic solution, and wherein the acidic solution conquises nitric acid (HNO3), hydrochloric acid (HCl), 
phosphoric add (H3PO4), carbonic add (H^CX^), sodium dihydrogen phosphate (KaRJ?Oi), sodhun 
dihydrogen phosphate monohydrate (NaH2P04*H20), sodium dihydrogen phosphate dihydrate, sodium 
dihydrogen phosphate dehydrate, potasshun dihydrogen phosphate (KH2PO4), ammonium 
dihydrogen.phosphate (NH4H2PO4), malic add, acetic acid, lactic acid, dtric acid, malonic add, succinic 
add, glutaric add, tartaric acid, oxalic acid or mixtures thereof 

The method as claimed in any of claims 16-31, wherein at least one of the setting agents conqnises abasic 
solution, and wherem the basic solution conq)rises ammonia, ammonium hydroxide, alkali metal 
hydroxide, alkali earth hydroxide, disodium hydrogen phosphate (Na2HP04), disodium hydrogen 
pho^hate dodecahydrate, disodium hydrogen phosphate heptahydrate, sodium phosphate dodecahydrate 
(Na3P04*12H20), dq>otassium hydrogen phosphate (K2HP04), potassium hydrogen phosphate trihydrate 
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(K2HF04«3H20), potassium phosphate txibasic (EC3PO4), diammonhim hydrogen phosphate ((NH4)2HP04), 
amtnoiiiiiin phosphate trihydrate ((NH4)3P04-3H20), sodium hydrogen carbonate (NaHCOsX sodium 
caibonate NaaCOa, or mixtures fliereof. 

5 35. The method as claimed in any of claims 16-34, fiuther con^rising subjecting the hardened calcium 

phosphate article to one or more heat treatments, wherein the ten^erature of the heat treatments is fiom 
about 50 to about 500 "C. 

36. A shaped porous calcium phosphate article conq>rising: 
10 a substantially hardened calcium phosphate cement body; 

wherein the article is shaped for use as a medical in^lant, and i^erein the porosity of the article is about 
20% to about 90%, wherein the porous calcium phosphate article has a con]|>iessive strength that is greater 
tiian about 0.4 MPa. 

15 37. A sh^ed porous calcium phosphate article con^rising: 
a substantially hardened calcium phosphate cement body; 

wherein the article is shaped for use as a medical inq)lant, wherein the porosity of the article is about 
20% to about 90%, wherein at least a portion of the calcium phosphate cement is substantially particulate, 
and wherein at least a portion of the particles comprising the calcium phosphate cement comprise whiskers 
20 ontiie sur&ce tiiereo£ 

38. The shaped porous calcium pho^hate article as claimed in claims 36 or 37, wherein the hardened calcium 
phosphate cement bocfy is made fiom at least one calcium phosphate source. 

25 39. The sh^ed porous calciimi phosphate article as claimed in claim 38, wherein the calcium phosphate 

source comprises alpha-tricalcium phosphate (a-TCP), beta- tricalcium phosphate (P-TCP), tetracalcium 
phosphate (TTCP), monocalcium phosphate monohydrate (MCPN), monocalcium phosphate anhydrous 
(MCPA), dicalcium phosphate dihydrate (DCPD), dicalcium phosphate anhydrous (DCPA), octacalcium 
phosphate (OCP), calcium dihydrogen phosphate, calcium dihydrogen phosphate hydrate, add calcium 

30 pyrophosphate, anhydrous calcium hydrogen phosphate^ calcium hydrogen phosphate hydrate, calcium 

pyrophosphate, calcium trq>hosphate, calcium phosphate tribasic, calcium polyphosphate, calcium 
metaphosphate, anhydrous tricalcium phosphate, tricalcium pho^hate hydrate, amorphous calcium 
phosphate, or mbctures thereo£ 

35 40. The sh^d porous calchun phosphate article as claimed in claim 38, wheroin at least a portion of the 
calcium phosphate cement is made from tetracalcium phosphate. 

4 1 . The sk^ed porous calcium phosphate article as claimed in claim 3 8 , wherein at least a portion of the 
calcium phosphate cement is made fix)m tetracalcium phosphate and dicalcium phosphate anhydrous. 

40 
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42. The shaped porous calcmm phosphate article as claimed in claim 38, wherein at least a portion of the 
calchun pho^hate cement made from {q)atit6. 

43. The sh£q)ed porous calcium phosphate article as claimed in claim 42, wherein the molar ratio of 
5 calcium^hosphateoftheiqpatite is about 1.5-2.0. 

44. The sh^ed porous calcium phosphate article as claimed in claim 38, wherein at least a portion of the 
calcium phosphate cement is made from tetracalcium phosphate particles, and wherein at least a portion of 
the tetracalcium phosphate particles comprise ^liskers on the sur£u:e of the particles. 

10 

45. A method of forming a porous calcmm phosphate article comprising: 

adding a porous component paste to a mold, wherein the porous component paste comprises at 
least one calcium phosphate cement combined with at least one pore forming agent and at least 
one setting agent; 

15 forming a hardened calcium phosphate article form the porous conqKment paste; and 

immersing the hardened calcium phosphate article in one or more immersing liquids to form die porous 
article. 

46. The method as claimed in claim 45, iiriierein immersing the hardened calcium phosphate article in one or 
20 more immersing liquid comprises: 

immersmg the hardened calcium phosphate article in a first unmersing fhnd for a pred^ennmed time^ 
wherein immersing the hardened calcium phosphate article in &e first immersing fluid removes at least a 
portion of fte pore forming agent from the hardened calcium phosphate article; and 

25 

immersing the hardened calcium phosphate article in a second immersing fluid for a predetermined time, 
^^dieiein immersing the hardened calcium phosphate article in the second immersing fluid increases the 
compressive strength of the resulting porous article. 

30 47. The method as claimed in any ofclaims 45 or 46, ^^lerein unmcrsion of the hardened calcium phosphate 
article is carried out at a tenq)erature of fix)m about 10 to about 90 X. 

48. The method as claimed in any of claims 45'47, herein the hardened calcium phosphate article is 
immersed in at least one immersiug liquid for a time period sufiGicient to remove at least a pordon of die 

35 pore forming agent fix)m one or more porous conqionents. 

49. The method as claimed in any of claims 45-48, wherein the hardened calcium phosphate article is 
immersed in at least one immersing liquid for at least 1 0 mmutes or for at least 24 hours. 



40 50. 



The method as claimed in any of cl^ms 45-49, wherein at least one immersing liquid comprises at least 
one source of calcium and at least one source of phosphate. 
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5 1 . The method as claimed in any of claims 45 -49, whexein at least one Inunersing liquid con^irises Hank's 



5 52. The method as claimed in any of claims 45-49, whearem at least one immersing liquid comprises 
substantially pure mter. 

53. The method as claimed in any of claims 45-52, wherein the pore-forming agent comprises an inorganic 
salt 



54. Hie method as claimed in any of claims 45-52, wherein the pore-forming s^ent compxisGS an organic salt 



55. The mediod as claimed in any of claims 45-53, wherem the porous component paste co^^>rises at least one 
calciom pihosphate source, and the load bearing component paste con[9)ris6s at least one calcium phosphate 

15 source. 

56. The method as claimed in claim 55, wherein the calcium phosphate source comprises alpha-tricalcium 
phosphate (a-TCP), beta-tricalcium phosphate (P-TCP), tetracalcrum phosphate (TTCP), monocalcium 
phosphate monohydrate (MCPM), monocalcium phosphate anhydrous (MCP A), dicalcium phosphate 

20 diliydrate (DCPD), dicalcium phosphate anhydrous (DCP A), octacalcium phosphate (OCP), cakhun 

dihydrogoai phosphate, calcium dihydrogen phosphate hydrate, acid calcium pyrophosphate, aiihydrous 
calcium hydrogoi phosphate, calcium hydn>gen phosphate hydrate, caldum pyrophosphate, calcium 
triphosphate, calcium phosphate tribasic, calcium polyphosphate, calcium met^ho^hate, anhydrous 
tricalcium phosphate, tricaldum phosphate hydrate, or mixtures thereof. 

25 

57. The method as claimed in claim 55, wherein the calcium phosphate source comprises tetracalcium 
phosphate, herein at least a portion of tetracalcium phosphate particles conq>rises whiskers on the sur&ce 
of ^6 tetracalcium phosphate particles. 

30 58. The method as claimed in any of claims 45-57, whereui at least one of the setting agents comprises 
substantially pure water. 

59. The method as claimed in any of claims 45-57, wlierein at least one of the setting agents comprises an 
acidic solution, and wherein the acidic solution comprises nitric acid (HNO3), hydrochloric acid (HCl), 
35 phosphoric acid (H3PO4), carbonic acid (H2CO3), sodium dihydrogen phosphate (NaH2P04), sodium 

dihydrogen phosphate monohydrate (NaH2P04*H20), sodium dihydrogen phosphate dihydrate, sodium 
dihydrogen phosphate dehydrate, potassium dihydrogen phosphate (KII2PO4), ammonium 
dihydrogeaphosphate (NH4H2PO4), malic acid, acetic acid, lactic acid, citric acid, malonic acid, succinic 
add, ghitaric acid, tartaric acid, oxalic acid or mixtures thereof. 

40 



22 



wo 2005/079880 PCT/US2005/006100 
60. The me&od as claiined in any of claims 45-57, wherein at least one of the setting agents comprises a basic 
solution, and 'v^erein the basic solution conq;Nrises ammonia, ammonium hydroxide, alkali metal 
hydroxide, alkali earth hydroxide, disodium hydrogen phosphate (Na2HP04)> disodium hydrogen 
phosphate dodecahydrate, disodium hydrogen phosphate heptahydrate, sodium phosphate dodecahydrate 
5 (Na3P04»12H20), dipotassium hydrogen phosphate (K2HPO4), potassium hydrogen phosphate trihydrate 

(K2HP04-3H20), potasshmi phosphate tribasic (K3PO4), diammonium hydrogen phosphate ((NH4)2HP04), 
ammonium phosphate trihydrate ((NH4)3P04»3H20), sodium hydrogen carbonate (NaHCOa), sodium 
carbonate Na2C03, or mixtures hereof 

10 61. The method of as claimed in any of claims 45-60, fiirther comprising subjecting the porous con^xment 
paste to a pressure of greater tiian about 1 MPa or between about 1 MPa to about 500 MPa to form die 
hardened calcium phosphate article. 

62. The method as claixned in any of claims 45-6 1 , further conq)rising subjecting the hardened calcium 

15 phosphate article to one or more heat treatments, wherein the tenq)erature of the heat treatments is from 

about 50 to about 500 °C. 

63. A method of forming a molded calcium phosphate article comprising: 

adding a paste comprising at least one calcium phosphate cement and at least one setting agent 
20 to a mold, wherein the setting agent comprises a liquid; 

displacing at least a portion of the liquid from the paste to form a hardened calcium phosphate 
article; and 

immersing the hardened calcium phosphate article in at least one impregnating fluid to form 
the molded calcium phosphate article. 

25 

64. A method of forming a molded calcium phosphate article comprising: 

adding a paste comprising at least one calciiun phosphate cement and at least one setting agent 
to a mold; 

subjecting the paste to a molding pressure or greater than about 1 MPa to form a hardened 
30 calcium phosphate article; and 

immersing the hardened calcium phosphate article in at least one impregnating fluid to form 
the molded calcium phosphate article. 

65. The method as claimed in any of claims 63 or 64, wherein the impregnating liquid is an acidic solution, a 
35 basic solution, a physiological solution, an organic solvent, or a substantially pure water. 

66. The method as claimed in any of claims 63 or 64, \^ierein die inq>regnating liquid comprises at least one 
of Ca and P sources. 

40 67. The method as claimed in any of claims 63 or 64, wherein die iniiregnating liquid is a Hanks* solution. 
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68. The method as claimed in any of claims 63-67, indierein the impregnating is carried out for a period longer 
dian 10 minutes or between about 12 hours to about 96 hours. 



69 . The method as claimed in any of claims 63 -68 , v(dierein the inqnregnating is carried out at room 
t e mperature or at a tenq)eratur6 between about 30 and 90^C. 

70. The method as claimed in any of claims 63-69, wherein said calcium phosphate cement comprises one or 
more calcium phosphates selected from the group consisting of alpha-tricalcium phosphate (a-TCP), beta- 
tricaldum phosphate (P-TCP), tetracalcium phosphate (TTCP), monocalcium phosphate monohydrate 
(MCPKQ, monocalcium phosphate anhydrous (MCPA), dicalcium phosphate dihydrate (DCPD), dicalcmm 
phosphate anhydrous (DCPA), octacalchun phosphate (OCP), calcium dihydrogen phosphate, calcium 
dihydiogen pho^hate hydrate, acid calcium pyrophosphate, anhydrous calcium hydrogen phosphate, 
calcium hydrogen phosphate hydrate, calcium pyrophosphate, calcium triphosphate, calcium phosphate 
tribasic, calcium polyphosphate, calcium metaphosphate, anhydrous tricalcium phosphate, tricalcium 
pho^hate hydrate, and amorphous calcium phosphate. 

71. The method as claimed in any of claims 63-69, wherein the calcium phosphate source cement at least one 
calcium phosphate particle having calcium phosphate whiskers on the surface of said calcium phosphate 
particle, herein said calcium phosphate ^fduskeis have a length of about 1-SOOO nm and a width of about 
l-SOOnm. 

72. The method as claimed in any of claims 63-71, fiirther ooniprising heating tiie paste during molding. 

73. The method as claimed in any of claims 63-72, fardx&c comprising heating die impregnating Uquid during 
in^iregnating. 

74. The method as claimed in any of claims 63-73, further comprising heating the molded calcium phosphate 
article after removing the article fiom said impregnating liquid. 
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